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BACTERIA OF ICE AND SNOW IN 
ANTARCTICA. 

THE researches we were able to prosecute during 

-*• Sir Douglas Mawson’s Australasian Antarctic 
Expedition (1911-14) in the subject of bacterial flora of 
snow and ice have given rise to certain queries which, 
if accurately answered and correlated to the work of 
four previous observers, should go far towards an 
elucidation of the bacteriology of Antarctica as a 
whole. 

Dr. Ekelof, 1 whose investigations for nearly two 
years of the soil of Snow Hill Island, near Graham 
Land, were rich in results and of great scientific 
value, made experimental exposures of Petri plates for 
possible bacteria in the air. He found positive growths 
on at least half of his culture media, claiming that a 
Petri plate had to be exposed for two hours for one 
bacterium to settle on it. His conclusion is, on the 
evidence of examinations of soil and on account of 
the unprecedented weather conditions of his Antarctic 
station, that the organisms he obtained from the air 
were impurities carried into it by the wind from the 
soil. 

Dr. Gazert, 2 when frozen in the pack-ice to the 
north of Kaiser Wilhelm II. Land, sought for bac¬ 
teria in the atmosphere by making cultures of freshly 
fallen snow. The- cultures were found in every 
instance to be sterile. 

Dr. Pirie, 5 during his voyage in the Weddell Sea, 
exposed plates and tubes in the crcw’s-nest (at the 
top of the mainmast) of the Scotia, at the longest for 
twenty hours, with negative results. During the 
winter months at Scotia Bay he was unsuccessful in 
similar experiments, as also during the summer. He 
records, too, that plates of agar and media (for de¬ 
nitrifying organisms) were exposed on top of the deck- 
laboratory during the voyage in the Weddell Sea in 
1903. He considered the last-named cultures to be 
unsatisfactory, owing to the possibility of contamina¬ 
tion from the ship and from spray. “ Growths of 
(apparently) Staphylococcus pyogenes dibits and of a 
yellow coccus, possibly Staphylococcus pyogenes 
citreus, were obtained, and also denitrifying 
organisms.” 

With this evidence before us it is instructive to 
learn that Dr. Atkinson, of Capt. Scott’s British 
Antarctic Expedition (1910^13), apparently made bac¬ 
teriological examinations of snow. 1 “Atkinson is 
oretty certain that he has isolated a very motile 
bacterium in the snow. It is probably air-borne, and, 
though no bacteria have been found in the air, this 
mat be carried in upper currents and brought down 
by the snow. If correct, it is an interesting dis¬ 
covery.” 

Lastly, so far back as 1893, it is the record of 
Nansen in “Farthest North” that he made frequent 
microscopic examinations during the second summer 
of fresh-water pools on the floe-ice of the. North Polar 
basin. Algas and diatoms were proved to germinate 
at the bottom of these pools, providing the food 
material of infusoria and fiagellata. Bacteria, he 
says, were occasionally observed. Again, Nansen 
noticed that in places the surface of the snow was 
sprinkled with dust, and he was led, after more 
extended inquiries, to regard the phenomenon as 
universal over the North Polar sea. He attributes 
this fact to floating dust being carried by lofty air- 

1 “ Bakteriojogische Studien wahrend der Schwedischen Sudpolar-Expe¬ 
dition (1001-3).” (Stockholm, 1908.) 

2 Deutsche Sudt>ol«r-ExpeHition, 1901-3. “ Untersuchungen uber 

Meeresbakterien und ihren Einfluss nuf den Sloffwechsel in Meere.” 

s “Notes on Antarctic Bacteriology.” (Edinburgh, 1912.) 

4 “ Scott’s Last Expedition,” vol. i.. p. 2tr. (1913.) We have been 
unable so far to confer with Dr. Atkinson with reference to his actual results 
and genera! conclusions 

NO. 2550 , VOL. 102] 


currents from southern lands and then descending to 
the surface in falling snow. 

Doubtless, too, one may infer that equatorial air- 
currents at a high altitude convey myriads of dust- 
motes mvvards the South Pole, where they descend, 
free or dinging to snow-particles, over the great ice- 
capped continent of Antarctica. And as evidence 
towards the probable truth of this speculation we 
have been able to furnish some isolated observations. 

The locus of the main base of the Australasian 
Antarctic Expedition in Adelie Land was singularly 
fitted for research of a general character on ice and 
i snow, since here the great inland plateau undulates 
: downwards in w^e-fields, deciining gradually for 
! hundreds of miles, to fall abruptly in glacial slopes 
to the sea. In fact, we were on the verge of the 
continent, with no naked mountains or outcropping 
nunataks 5 encircling us to the south, so far as we 
were able to judge from sledging journeys into the 
interior. That is to say, there were in the hinterland 
no indigenous bacteria of Antarctic soil liable to con¬ 
taminate the ice and snow, and as an additional safe¬ 
guard, so to speak, there was a continuous torrent of 
air always blowing towards the north. The average 
hourly velocity of the wind during our two years’ 
sojourn in Adelie Land was actually almost fifty miles 
per hour. The main base with its few rocks was at 
sea-level, and behind it mounted the glacier back to 
the vast, upland plain which extends southwards, for 
the most part at a height of 6000 ft., across the crown 
of the Pole, itself at an altitude of more than 10,000 ft. 

[The results which were obtained from an examina¬ 
tion of frozen algae and frozen seaweed led us to 
inquire further into the bacterial content of the glacier- 
ice—apparently as pure as distilled water! And so 
the organic content of frozen algae makes a suit¬ 
able point of departure in considerations of a general 
character, for in these dirty green lumps of ice are 
represented practically the whole of the low life which 
exists and actively multiplies in Antarctica : algae, 
diatoms (unicellular algae), protozoa, rotifera, and 
bacteria. The algae (including the diatoms) are uni¬ 
versally found, according to the scientific reports of 
other Antarctic expeditions, as marine or fresh-water 
types in the ice-girt zone surrounding the continent. 
In Adelie Land one became accustomed to note in the 
summer-time that certain of the thawed pools among 
the rocky ridges were filled with a greenish slime— 
the filamentous, multicellular algae.] 

On comparing results in Adelie Land and in Aus¬ 
tralia, it is evident that at least four species of 
bacteria exist in the frozen algae :— 

(1) Gram-positive cocci, with fine, white colonies, 
liquefying gelatine very slowly, were almost invariably 
obtained in cultures. 

(2) A gram-positive, sporing bacillus spreading as an 
abundant, pale, wrinkled, and adherent growth on all 
media. 

(3) Gram-positive, chained, sporing bacilli, occurring 
as a white, profuse growth on all media. In cover- 
slip preparations of the ice chained bacilli were always 
seen. 

(4) Short gram-positive bacilli, showing on agar a 
milkv-white growth, which afterwards became yel¬ 
lowish in tint. 

The fact of the mere presence of bacterial life in 
frozen algae would not seem remarkable along the 
fringe of the continent, where lichens and mosses 
thrive during the short periods of warmer weather, 
and where there is a continuous accession of low 
life from the sea, the soil, and animals. It is onlv 

5 The Western Party, under Mr. F. H. Bickertcm, discovered a small 
piece of rock on the snow at a height of 3000 ft., 17 miles south-west of the 
Hut in Adelie Land. This was afterwards identified in Melbourne by 
Prof. Skeats and Mr. Stillwell as a meteorite. 
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natural to expect them, and to infer, further, that 
they migrate for a variable distance into the all- 
enveloping mass of ice and snow, to all intents and 
purposes free from organic life. 

Again, in morainic ice—macroscopically pure but for 
particles of soil and grit in small amount—protozoa¬ 
like organisms were present, and in several cultures 
appeared fine, white colonies of gram-positive, staphylo¬ 
cocci, together with the gram-positive, sporing bacilli 
of the white, wrinkled, adherent growth already 
described. 

When our observations had arrived at this juncture 
there was a clear indication to go further afield in the 
examination of the ice; at all events, to see the 
extent of the local bacterial flora. So specimens were 
procured from various points, free from obvious con¬ 
tamination, on the ascending glacier. 

(1) In a magnetic cave, cut shaft-like through the 
slope of blue ice, about noo yards south of the Hut, 
at an altitude of 300 ft. above the sea, were found in 
cultures cocci and diplococci, slender bacilli, and a 
“yeast.” Protozoan organisms were also seen. 

(2) In cover-slip preparations 200 to 300 yards, 
500 yards, and 1000 yards south of the Hut occurred 
cocci, motile bacilli, yeast-like bodies, and protozoa. 

(3) The surface-ice at noo yards, altitude 300 ft., 
yielded in cultures cocci (staphylococci) and short, 
stout bacilli. 

(4) At one mile, altitude 600 ft. to 700 ft., in surface- 
icp, appeared in cultures gram-positive staphylococci 
and slender, gram-negative, chained bacilli. Protozoa 
and veast-like bodies were demonstrated in the thawed 
ice-chips. 

(5) In the vicinity of Aladdin’s Cave, five miles south 
of the Hut, and at an altitude of 1500 ft., surface-ice 
showed the presence of protozoa and yeast-like bodies. 
Gram-positive cocci grew in cultures on several occa¬ 
sions. 

Ice at a depth of 4 ft. contained, besides protozoa 
and yeast-like bodies, gram-positive cocci and gram- 
negative bacilli, all in smaller numbers than on the 
surface. Nothing was obtained in a few cultures. 

In ice at 7 ft.—from the wall of the cave—cultures 
were more successful, demonstrating gram-positive 
cocci and gram-negative bacilli (probably cocco- 
bacilli). Protozoans and yeast-like bodies were also 
present. 

(6) From the Cathedral Grotto—at eleven miles, and 
at an altitude of 1800 ft. above the sea—specimens 
of ice gave in cultures growths of a gram-positive 
coccus and a gram-negative cocco-bacillus. No 
protozoa or veast-like bodies were observed in the 
preparations from thawed ice. 

(7) In a position fifty miles west of the Hut and 
twenty-five miles inland, nearly 4000 ft. high on the 
plateau, surface neve (a transition between snow and 
ice) was found to contain cocci and bacilli in their 
usual numbers, but no protozoa or veast-like bodies 
were seen. Many of the bacilli were clumped in 
zooglcea masses. From four original cultures and 
several subcultures were isolated gram-positive cocci 
and gram-negative coeco-bacilli, similar to those 
grown from other specimens of glacier-ice. 

Then, too, we should adduce the evidence of the 
cultures made in Antarctica and carried back to Aus¬ 
tralia for examination. 

It was to Dr. J. B. Cleland, of the Bureau of 
Microbiology, Sydney, New South Wales, that we 
were indebted for a consignment of freshly prepared 
culture-tubes which arrived by the Aurora on her last 
cruise of relief in the summer of 1913-14. All the 
tubes reached Adelie Land in good condition, and. 
to prevent anv possible contamination by mould, had 
been sealed with paraffin. 
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On a rare calm day early in January, 1914, six 
agar tubes were taken, with a spirit-lamp and 
platinum needle, up the slope of the glacier nearly 
half a mile towards the south-east, where the glacier 
could not possibly have been soiled by the many 
sledging-parties which passed up and down during the 
summer. 

There was no opportunity at the time to go further 
afield. The sun was bright and warm, there was no 
wind, and the ice was covered with a humid sheen 
of moisture. The tubes were inoculated from loops 
of liquid collected with the needle in small cups where 
thaw-water had accumulated. They were then carried 
back to the ship and placed in an incubator, which 
ran at a temperature varying, during blizzards, from 
about io° to 15 0 C.; as a general rule, the tempera¬ 
ture was between 18 0 and 20 0 C. 

Dr. Cleland’s report shows that nine cultures of 
ice were received, that of these, three showed no 
colonies, and were discarded, and that the remaining 
six on agar slopes exhibited growth. From three 
tubes “yeasts” were isolated, two of them giving a 
pink growth on agar, the remaining one a creamy- 
vellow growth. Two cultures showed the presence of 
a gram-positive coccus, producing a fine growth, which 
died out in subsequent subcultures. 

It is a curious fact, and yet a well-known experi¬ 
ence, to find that bacteria may live dormant in ice 
for prolonged periods, and that infection may be 
carried through ice, but it is not so generally recognised 
that some bacteria prefer to grow on ice. Micro¬ 
organisms, as a rule, are capable of resisting a low 
temperature when their ordinary activities cease, and 
they tend, either as single units or in clusters, to 
throw out a mucilaginous protein substance for their 
protection. Ravenel, Macfadyen, and Rowland have 
demonstrated that several bacilli will bear exposure 
for a few days to the temperature of liquid air 
(—192° C. to —183° C.). More recently it has been 
proved that certain bacteria actually survive the tem¬ 
perature of liquid hydrogen (—252° C.), applied for 
so long a period as ten hours. Bearing in mind such 
experiments conducted in vitro, we could understand 
that certain organisms carried by dust-motes to the 
vicinity of the south geographical pole (at an altitude 
of approximately 10,000 ft.) could retain their vitality 
in a temperature of — ioo° C. (—148° F.), if ever the 
midwinter temperature descends to such a low limit. 
Certainly, in the prolonged insolation of the summer¬ 
time, some hardy organisms on the surface could 
thaw out, become free, and increase in. numbers. 

On the other hand, bacteria and their spores have 
almost a defined limit of resistance to heat—57 0 C.. if 
applied long enough. Some germs are thermophilic, 
mainly those which live and multiply in warm-blooded 
animals; while others—in general terms, the bacteria 
of the sea, the soil, and the air—prefer the mean 
temperature of their environment. 

In the Antarctic—and the same holds good of the 
Arctic regions—there is a definite fauna, comprising 
in the former case the various species of seals, whales, 
and birds and their parasites, insect-like mites of the 
mosses, rotifera. and a fairly prolific marine life. The 
flora of the south is summed up in the lichens, mosses, 
and algae, the last-named having a vast distribution 
amongst the ice encircling and adhering to the con, 
tinent. Primordial, lowest of all. and standing as 
an evolutionary basis of the animal and vegetable 
kingdom are the bacteria, which we may presume to 
sav are universal—clinging to the myriad dust-motes 
which float from the north; descending in snow cn the 
Antarctic plateau; oaralysed for long winter months; 
active and acclimatised in the liquid thaw of summer; 
segmenting or sporing in their multiplication; dor- 
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mant again in the inter-crystalline canaliculi of the 
neve and ice, and free once more to live and increase 
in the viable reticulum of the glacier. Such a specula¬ 
tive theory may be the key to their cycle of life in 
Antarctica. 

Liquid containing salts in solution does not com¬ 
pletely freeze at a temperature of o° C. (32 0 F.), and 
this factor is very important in the maintenance of 
low and higher forms of Antarctic life. The late Mr. 
Janies Murray, 6 of Sir Ernest Shackleton’s British 
Antarctic Expedition (1907-9), has contributed some 
unique evidence of the habits and powers of resist¬ 
ance to cold exhibited by the rotifers and water-bears. 

■'To test the degree of cold which they could stand, 
blocks of ice were cut from the lakes (saline) and 
exposed to the air in the coldest weather of the whole 
winter. By boring into the centre of the blocks we 
found that they were as cold as the air. A tempera¬ 
ture of — 40° F. did not kill the animals. 

"Then they were alternately frozen and thawed 
weeklv for a long period and took no harm. They 
were dried and frozen, and thawed and moistened, and 
still they lived. At last they were dried, and the bottle, 
containing them was immersed in boiling water, which 
was allowed to cool gradually, and still a great 
number survived. . . . 

" Such is the vitality of these little animals that 
they can endure being taken from ice at a minus tem¬ 
perature, thawed, dried, and subjected to a tempera¬ 
ture not very far short of boiling-point, all within a 
few hours (a range of more than 200° F.). . . .” 

It would seem that bacteria were the ideal denizens 
of an environment where, for the greater part of the 
year, all visible life is banished, and where their 
minute size, protective changes of form, and versatile 
reaction to moisture, low temperature, and concentra¬ 
tion of salts would be most advantageous for existence. 
The bacteria caught un in the frozen sea within the 
liquid sludge of cryohydrates, which circulates between 
the crystals of fresh-water ice, learn to live, and 
probably multiply, in a medium of much higher con¬ 
centration than the ocean to which they are accus¬ 
tomed. 

The question now seems naturally to arise : How 
are we to explain the existence and multiplication of 
bacteria in ice? And to satisfy such a query we 
should endeavour to discover what is the ultimate 
composition of ice, how the crystals of ice are inter¬ 
related. and what are the intimate changes which 
occur in a descending or rising temperature. 

We refer to Mr. J. Y. Buchanan, 7 formerly of the 
Challenger Expedition (1874), for the most modern 
views of ice-formation. 

As a result of many exhaustive experiments on the 
changes which occur in freezing non-saturated saline 
solutions, he finds that the crystals formed by freezing 
a saline solution are in their ultimate constitution 
free from salt. That is to say that “the crystals 
formed in freezing a non-saturated saline solution are 
cure ice, and that the salt from which thev cannot 
be freed does belong to the adhering brine.” There¬ 
fore, we may imagine that when sea-water freezes 
the primary solidification which takes place is of the 
fresh-water content, the salts in solution being re¬ 
jected into the channels which now exist between the 
pure crystals. As the temperature is still further 
reduced, accretions of pure ice go to the crystals, and 
the brine, still further concentrated, remains in the 
channelled meshwork. 

Buchanan makes the whole matter perfectly clear 
in the following passage, extending his principle to 
purer forms of ice, such as glacier-ice : — 

6 “The Heart of the Antarctic.” By Sir E. H. Shackleton, C.V.O. 
Vo!, ii., p. 2t?8. (London, looq.y 

7 “ Ice and its Natural Histon - ,’’ 
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“All natural waters, including rain-water, contain 
some foreign, and usually saline, ingredients. If we 
take chloride of sodium as the type of such ingredients, 
and suppose a water to contain a quantity of this salt 
equivalent to one part by weight of chlorine in a 
million parts of water, then we shall have, a solution 
containing 00001 per cent, of chlorine, and it would 
begin to freeze and to deposit pure ice at a tempera¬ 
ture of —0-0001° C. ; and it would continue to do so 
until, say, 999,000 parts of water had been deposited 
as ice. There would then remain xooo parts of 
residual water, which would retain the salt, and would 
contain, therefore, o-t per cent, of chlorine, and would 
not freeze until the temperature had fallen to — o-i°C. 
This water would then deposit ice at temperatures 
becoming progressively low'er, until when 900 more 
parts of ice had been deposited we should have 
loo parts residual w-ater, or brine, as it may now be 
called, containing 1 per cent, of chlorine and remain¬ 
ing liquid at temperatures above — ro° C. When 
90 more parts of ice had beer deposited we should 
have 10 parts of concentrated brine containing jo per 
cent, of chlorine, and remaining liquid as low' as 
— 13° C. In the case imagined we assume the saline 
contents to consist of NaCl only, and with further 
concentration the crvohvdrate would no doubt 
separate out and the mass become really solid. . . .” 

In the case of the glacier-ice of Adelie Land, which 
we wish particularly to consider, one would expect the 
ice to be very pure; in fact, the superimposed layers 
formed from the snow' which has fallen should be, 
presumably, as fresh as distilled water. But assum¬ 
ing, as we do, that a large amount of aerial dust is 
distributed over the South Polar plateau, and that 
atmospheric gases are combined with the snow, the 
ice contains mineral constituents, w'ithout doubt, in 
much more dilute solution than is present in the rain¬ 
water of a more temperate climate. And, considering 
that this contamination bv dust-motes has gone on 
for countless eeons, the whole thickness of the polar 
ice-cap is impregnated with minute foreign bodies. 

On dissecting a piece of the glacier w 7 e find that 
a disintegration of the interlocking grains, similar to 
that which occurs in upturned slabs of sea-ice, takes 
place on its exposure to the warmth of the sun or to 
a temperature iust below the freezing-point of fresh 
water. As Buchanan savs : “ Lender the influence of 

the sun’s ravs the binding material melts first, the 
continuity of the block is destroyed, the individual 
grains become loose and rattle if the block be shaken, 
and finally they fall into a heap. A block of glacier- 
ice is a geometrical curiosity. It consists of a number 
of solid bodies of different sizes and of quite irregular 
shapes, vet thev fit into each other as exactly and fill 
space as completely as could the cubes referred to 
above.” 

Buchanan made his studies of ice on the Alpine 
glaciers, w'hich, in comparison with the ice-sheet of 
Antarctica, move rapidly, and, of course, are grossly 
contaminated by soil, rock, and dust. Still, one of 
the first phenomena W'e remarked when stepping on 
to the ice-foot at Cape Denison. Adelie Land, w'as the 
large amount of granular rubble which formed the 
surface of the glacier. In other w'ords, the summer 
sun had thawed out all the cementing channels,_ and 
the crystals lay melting in a clear slush of liquid. 

To a living organism a few' micro-millimetres in 
length a block of glacier-ice not completely solidified 
would be a veritable labyrinth of minute tunnels filled 
with liquid containing salts in solution. In every 
direction the tunnels would be viable, so that a single 
bacterium might easily pass from top to bottom of the 
block. The same lump, as an integral part of the 
glacier, would still be perforated with devious and 
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circuitous passages, inosculating with others in the 
surrounding ice, but the watery contents of these pas¬ 
sages would follow laws of movement dependent upon 
gravity, the slope and movement of the glacier, the 
presence of small seams and cracks in the ice, and 
the gradient of temperature from above downwards. 

Sufficient has been said to indicate that if in the 
section of ice we are considering the temperature ap¬ 
proaches close to freezing-point, the channels of 
adhering fluid which encircle the crystals would per¬ 
meate the glacier down to a definite point where, if 
the mean annual temperature were low enough, the 
ice would be solid and impervious. We are led to 
suppose from Buchanan’s observations that the critical 
temperature of solidification mav be as low as —i3°C,, 
though in Antarctica, where the ice is purer, it should 
be 4 0 or 5 0 higher. Granting that such a temperature 
may be several degrees from the actual truth, we 
may at least be sure that for 5 0 below the freezing- 
point of fresh water the glacier-ice of Antarctica is 
pervious to bacteria, and contains a medium suitable 
for their reproduction. 

In Adelie Land the mean annual temperature at 
sea-level lies between -- iy Q and — 20° C-., but on 
mounting the plateau, which falls steeply to the coast, 
the temperature descends at the rate of almost 4 0 for 
every 1000 ft. In the summer-time the shade tem¬ 
perature registered on several occasions 5-5° C. (40°F.), 
and for three months at least the temperature, except 
for unusual fluctuations due to blizzards, never fell 
much below -to 0 C., and was verv often close to 
o° C. Considering, too, that there is a verv appre¬ 
ciable amount of sunshine between the equinoxes, the 
period during which bacterial life and growth would 
be possible might be extended, during a favourable 
summer, up to four months. The action of sunlight 
is of paramount importance in promoting a thaw 
throughout the ice canaliculi, especially when we 
remember that the shade, temperature mav register 
o° C. at the same time as the thermometer in the 
sun rises to 16 0 C. 

The important point at issue is that the northern 
slopes of the glacier fall towards the sea at such an 
angle that the rays of the sun for some months 
during the summer are normal to the surface, thereby 
increasing the intra-glacial thaw, and for short periods 
causing the temperature of the whole mass in the 
lower latitudes to rise within a few degrees of 
freezing-point, the optimum temperature of the micro¬ 
organisms of ice and snow. At the south geographical 
pole, elevated to 10.000 ft., the obliciuitv of the sun’s 
ravs and the low temperature would not encourage 
bacterial life except in the surface layers of snow, 
and that only for a few weeks at the summer solstice. 
Assuming that the greater part of the continent is 
at a more or less uniform height of 6000 ft., we 
should conclude that the organisms which descend from 
the air are. when buried to a certain denth. wholly 
deprived of a free-swimming existence, unlil in the 
plenitude of ages thev arrive at that northern 
boundary where the summer thaw begins. 

It will be apposite now'to review the few observa¬ 
tions which were made on snow before passing to a 
few remarks on the meteorology of the southern 
hemisphere :— 

fi) Gram-positive cocci and gram-negative, sporing 
bacilli grew in culture from snow of a sastruga or 
snow-wave one-third of a mile south-east of the Hut. 

(2) On three occasions when falling snow was 
gathered in a sterile basin, elaborate precautions 
having been taken to prevent contamination, the 
thawed-out samples showed under a cover-slip cocci, 
motile bacilli, and, invariably, zoogloea masses of bac¬ 
teria in moderate numbers. Diplococci, and occa- 
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sionally cocci, were observed to be invested by a 
pale capsule. In one case doubtful organic matter in 
the form of vegetable cells was noted. 

(3) A glucose agar slope culture of falling snow 
showed a few smali greyish colonies, which were not 
examined. 

Slender as these results are, they become of more 
importance when correlated with the many positive 
findings made in glacier-ice—the vast repository of the 
falling snow. Thev are meaningless, too, unless we 
consider the probable origin of the bacteria which 
cling to the crystals of snow. 

Regarded simply, the circulation of air in the 
southern hemisphere has certain main characteristics— 
a widespread uprush from equatorial, tropic, and sub¬ 
tropic zones; a continuous flow at a high level towards 
the southern continent; a subsidence of successive 
layers of cool air, increasing in density and coincident 
with a rising barometric pressure; a concentration of 
air at high barometric pressure over the vast crown 
of ioftv Antarctica; a relief of pressure in the tor¬ 
rential bursts of blizzards through to the low-pressure 
belt of the Southern Ocean, and, in wide terms, the 
genesis of a low equatorial return current modified 
and deviated bv such factors as earth-movement, lati¬ 
tude, disposition of island, sea, and continent, and 
configuration of the land. 

Bacteria or their spores may be found in the atmo¬ 
sphere free, incorporated with minute particles of 
aqueous vapour, or clinging to small foreign bodies. 
With these foreign bodies or dust-motes we know that 
thev ascend under the impetus of rising equatorial air 
into the atmosphere to a considerable heiglrt, until at 
length they come under the influence of the great 
poleward-flowing current. The bacteria meanwhile 
have cooled, become paralysed, and, either singly or in 
segregated masses, thrown out their protective capsule 
of protein material. They travel to the Pole, and 
here are frozen to spicules of ice or with the dust 
which has conveyed them are attached to crystalline 
snow-flakes, sinking lower with the descending strata 
of air, and alighting at last on the surface of the 
plateau. 

And nocv, sparse or in numbers, the frozen 
organisms, extruded with the dust-mote they accom¬ 
panied to the periphery of the nuclear snow-crystal, 
commence a new life-history. 

When the snow-flakes—on the plateau of Antarctica 
snow is mostly in ths form of sago-like granules—have 
recently fallen, thev lie together in soft, downy, 
flocculent heaps enclosing, in proportion to the space 
they occupv, a large volume of air. Under the in¬ 
fluence of gravity and the pressure of the wind, and 
in dependence, too, on the temperature and humidity 
of the air, the. snow becomes denser and more com¬ 
pact, the enclosed air is expelled, and the snow- 
crvstals increase in size. Thus we may conceive that 
the bacteria tend to be expelled into the interstices 
between separate crystals, where they await the time 
when the temperature wil! rise sufficiently to provide 
a liquid medium in which their life and species maybe 
renewed. If the temperature still remains too low for 
liquefaction of the comparatively impure snow adher¬ 
ing around the primary pure crvstai, the slow meta¬ 
morphosis of the snow into neve goes on under more 
or less dry conditions. 

Tn conclusion, if we trace out briefly the subsequent 
bistorv of these bacteria of ice and snow, we see them 
in the slow northward surge of the glacier set floating 
in ice-tongues and bergs ef the Antarctic Ocean, where 
they gradually thaw out and probably become accus¬ 
tomed to the salinity of the sea. They circulate 
throughout the immense volume of water, clinging to 
the plankton of the surface,x travelling to various 
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depths, reaching, maybe, the ooze in company with 
sinking foreign bodies. They migrate in the vast, 
moving ocean currents towards northern lands, where 
some remain as marine bacteria; others enter the 
mouths of rivers and become adapted to life in the 
fresh-water medium they knew in Antarctica, while 
still others are stranded on the littoral, whence, in a 
dry condition, they may be transported by wind to a 
new soil, assuming, perhaps, the characters of 
anaerobic bacteria. The cycle—centuries or geological 
periods in duration—begins once more when, in a tem¬ 
perate zone, the descendants, by an endless gamut of 
fusion or sporuiation of the original organisms, rise 
on dust-motes and rejoin again the bacteria of the 
upper air, once more liable to enter the current flow¬ 
ing continuously towards the southern pole of the 
earth. A. L. McLi.an. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

The sum of 500,000k has been given to the Univer¬ 
sity of Chicago by Mr. La Verne Noyes for the pur¬ 
pose of the education of soldiers and sailors and their 
descendants after the war, and for instruction in 
American history and the public duties of citizenship. 

Major E. W. Caldwell, who died from burns re¬ 
sulting from experiments with X-rays, has left from 
two trust funds upon the death of life tenants provi¬ 
sion for a foundation in general educational work in 
Columbia University. His estate is valued at more 
than 30,000k 

Dr. E. H. Bradford has just retired from the posi¬ 
tion of dean of the Harvard Medical School. He has 
been associated with the faculty of the school for 
thirty-eight years, and an Edward Hickling Bradford 
fellowship in his honour was recently founded by an 
anonymous donor of 5000k 

Announcement is made by the South-Western Poly¬ 
technic Institute, Chelsea, of courses in science and 
engineering, analytical and manufacturing chemistry, 
pharmacy, dispensing, food and drugs, metallurgy, 
assaying and foundry work, botany, geology, and 
zoology. For further particulars application should be 
.made to the secretary of the institute. 

Dr. C. Stephenson, of Newcastle-upon-Tyne, has 
bequeathed the sum of 5000k to the Royal Veterinary 
College, London, for the foundation of a Clement 
Stephenson scholarship; 5000k to Armstrong College, 
Newcastle-upon-Tyne; and 5000k to the Victoria 
Benevolent Institution, London, to provide assistance 
for deserving widows and families of veterinary 
surgeons. 

According to Paris Medical, the French universi¬ 
ties have recently acquired for the first time the power 
of conferring honorary degrees. The recipients are to 
be foreigners who have done signal service to learn¬ 
ing, to France, or to the university. In the case of 
services relating to any particular faculty, an absolute 
majority of the faculty and a two-thirds majority of 
the Senate will be required; in other cases the Senate 
will have to give its approval at two separate meet¬ 
ings. In all cases Ministerial approval will be 
required. 

In connection with the department of technical optics* 
of the Imperial College of Science and Technology. 
South Kensington, lecture courses have been arranged 
as follows:—“General Optics,” by Prof. F. J. 
Cheshire; “Optical Designing and Computing,” 
“Practical Optical Computing,” “Workshop and 
Testing-room Methods,” and “ Microscopes and Micro- ! 
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scopic Vision,” each by Prof. A. E. Conradv; and 
“The Construction, Theory-, and Use of Optical 
Measuring Instruments,” by Mr. L. C. Martin. 
Inquiries respecting the courses should be addressed to 
the registrar of the college. 

Two years ago a department of coal-tar colour 
chemistry was instituted at the Huddersfield Technical 
College to provide specialised chemical teaching with 
research facilities for the sudden influx of chemists 
consequent on the enormous development of the eolour 
industry in Huddersfield. The demand for fully- 
trained chemists is now more insistent than ever, and 
the recent appointment of Dr. H. H. Hodgson to the 
headship of the above department is a matter of note¬ 
worthy interest. Dr. Hodgson enters his new sphere 
of activities after nearly three years’ successful work 
as chief chemist for one of the largest firms of 
chemical manufacturers in the country-. Prior to his 
industrial engagement he was head of the chemical 
department at the Northern Polytechnic Institute in 
London. He is the author of numerous original con¬ 
tributions to chemical literature, as well as the trans¬ 
lator of five important technological books. 

In the recently- published “ Handbook of Classes 
and Lectures for Teachers ” full particulars are given 
of some sixty-two courses of lectures arranged by the 
London County Council to be given during the school- 
year 1918-19, primarily for teachers employed in 
teaching within the administrative County of London. 
Teachers employed elsewhere will be admitted where 
accommodation permits, but they- will be expected to 
pay an inclusive fee of 7 s. in respect of each course 
instead of merely a registration fee of is. demanded 
from London teachers. Among the courses arranged 
may be mentioned that by- distinguished authorities 
on different branches of science dealing with the 
application of their science to problems of national 
life and industry. On October 12 Prof. W._ J. Pope 
will lecture on the national aspects of chemistry; on 
November 2 Prof. W. W. Watts on geoiogy, with 
special relation to national life; on November 16 Sir 
A. D. Hall, K.C.B., on the relation of agriculture 
to the urban population; on December 7 Dr. H. 
Eltringham on insect-carriers of disease; on 
January 25, 1919, Prof. W. E. Dalby on engineering 
with special reference to its relations with our national 
life; on February 15 Dr. A. Schuster on pure science 
in relation to the national life; and on March 8 
Prof. J. B. Farmer on some aspects of the rubber¬ 
growing industry-. The lectures will be given in 
every case at 11 a.m. at the Regent Street Poly¬ 
technic, except Prof. Dalby’s, which will be at the 
City and Guilds Engineering College of the Imperial 
College of Science and Technology, Exhibition Road, 
South Kensington, S.W.7. Other courses in science 
include five lectures in the spring term by' Sir 
Rickman J. Godlee, Bart., K.C.V.O., on surgery- 
past and present; eight lectures, commencing on 
Tanuarv 21, iqia, at 5.30 p.m., at King’s College, bv 
Prof. W. D. Halliburton, on the principles of dieting, 
with special reference to reduction of food in War¬ 
time; and ten lectures on warfare among the lower 
animals, by Prof. A. Dendy, commencing on 
October 4, at 5.30 p.m., at King’s College. 

The issues of the British Medical Journal and the 
Lancet for August 31 were concerned almost wholly 
with descriptions of the facilities available in the British 
Isles for medical education in its different branches. 
Students are provided in both cases with detailed and 
clearly stated particulars of how to proceed to gradua¬ 
tion in medicine and surgery at the various British 
universities, as well as how to secure professional 
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